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Claims 

What is claimed is: 

1 . A sensor (100), characterized in that the sensor comprises: 
a conduit (106) configured for conveying a material (F), 

5 a vibrator (1 1 8, 126)configured for vibrating the conduit along a first cross- 

sectional axis and for vibrating the conduit along a second cross-sectional axis; 

a sensor (1 14, 122) configured for detecting a first fi-equency along the first 
cross-sectional axis (a) and for detecting a second frequency along the second cross- 
sectional axis (b); and 

10 a processor (400) configured for deterniiiiiiig a pressure of the material based 

on a ratio of the first frequency and the second freciuency. 

2. The sensor of claim 1, wherein the conduit ^comprises a cross-section selected 
from one of an elliptical shape and an oval shape. 

15 

3 . The s ensor of claim 1 , wherein the first frecjuency is a fimction of design 
constants, mass of the material and an elasticity of the conduit. 

4. The sensor of claim 1, wherein the ratio is r elated to the pressure through first 
20 and second inertial moments according to an equat ion having a form of 

{firstfrequencyf _ 
(Eq. 2) — 7^ - , wnere 

(sec ondfrequency ) 

is the first inertial moment and is the second inertial moment 

5. The sensor of claim 4, wherem the first inertial moment has a form of 

25 (Eq. 5) /, ^^^({b^Sja^Sj -{{b + d, -t){a + S, -0')> where 

is a length of one half the second cross-sectional axis, S^, is a displacement for the 
second cross-sectional axis, a is a length of one half the first cross-sectional axis, 
is a displacement for the first aross-sectional axis and / is a conduit wall thickness. 
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6. The sensor of claim 1 , wherein the pressure linearly corresponds (500) to the 
ratio of the first and the second firequencies. 

5 

7. The sensor of claim 1 , wherein the conduit is elastically deformable to change 
a length of the second cross-sectional axis based on the pressure of the material. 

8. The sensor of claim, 1 , wherein the processor comprises a converter (41 2) 
10 configured for receiving control signals fi'om the sensor and for digitally converting 

the control signals to represent the first firequency and the second firequency. 

9. The sensor of claim 1 , wherein the processor finther comprises a calculation 
module (406) configured for determining a density of the material firom one of: 

15 a calculation of the pressure, a pressure compensation factor, and one of the 

first firequency and the second firequency; and 

a calculation of an average of the first firequency and the second firequency, 

10. The sensor of claim 9, fiurther comprising: 

20 a temperature sensor (1 08) coiifigured for detecting a temperature of the 

ntiaterial conveyed through the conduit and for generating a temperature control signal 
for processing by the processor; and 

a timing controller (430) configured for synchronizing the processing of the 
temperature control signal with the determining of the density. 



25 



30 



1 1 . The sensor of claim 1 , fiorther comprising a frequency sensor (114, 122) 
configured for detecting a phase difference in at least one of the first and the second 
frequencies, wherein the processor is fiuther adapted to determine a mass flow rate of 
the material based on the phase difference. 
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12. A method of measuring a property of a material (F) conveyed through a 
conduit (1 06), characterized in that the method comprises: 

vibrating the conduit along a first cross-sectional axis (a); 
vibrating the conduit along a second cross-sectional axis (b); 
5 detecting a first resonant firequency along the first cross-sectional axis in 

response to vibrating the conduit at the first cross-sectional axis; 

detecting a second resonant fi-equency at the second cross-sectional axis in 
response to vibrating the conduit along the second cross-sectional axis; and 

determining a pressure of the material based on a ratio of the first resonant 
1 0 firequency and the second resonant firequency, 

13. The method of claim 12, wherein vibrating the conduit along the first cross- 
sectional axis comprises vibrating the conduit along the first cross-sectional axis of an 
elliptically-shaped cross-section of the conduit. 

15 

1 4. The method of claim 1 2, wherein vibrating the conduit along the first cross- 
sectional axis comprises vibrating the conduit along the first cross-sectional axis of an 
oval-shaped cross-section of the conduit. 

20 15. The method of claim 1 2, whei-ein determining comprises determining a first 
inertial moment and a second inertial moment according to an equation having a form 
of 

(Eq.2) .t^-^~); 4,wh«e 

(sec ondfrequency ) i 5 

is the first inertial moment and is the second inertial moment. 

25 

1 6. The method of claim 1 5, wherein determining fiarther comprises determining 
the first inertial moment according to an equation having a form of 

(Eq. 5)7,=|((6 + <J,Xa + <Jj^-((fe + ^,-f)(« + <5.-0')>where 
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6 is a length of one half the second cross-sectional axis, is a displacement for flie 
second cross-sectional axis, a is a length of one half the first caross-sectional axis, 5^ 
is a displacement for the first cross-sectional axis and ^ is a conduit wall thickness. 

5 17. The method of claim 1 2, wherein determining comprises determining the 
pressure by linearly corresponding the pressxire to a ratio of the first and the second 
firequencies. 

1 8. The method of claim 1 2, fljrther comprising conveying the material through 
10 the conduit, wherein conveying comprises elastically deforming the conduit to change 

a length of the second cross-sectional axis based on the pressure of the material. 

19. The method of claim 12, wherein detecting comprises converting the first 
resdnant firequency and the second resonant frequency into digital representations of 

15 the first resonant firequency and the second resonant frequency. 

20. The method of claim 19, wherein determining comprises processing the digital 
representations of the first resonant frequency and the second resonant frequency to 
determine the pressure of the material based on the squared ratio of the first resonant 

20 frequency and the second resonant frequency. 

21. The method of claim 12, fiirther comprising determining a density of the 
material from one of: 

a calculation of the pressure, a pressure compensation factor, and one of the 
25 first frequency and the second resonant frequency (Eq. 9); and 

a calculation of an average of the first resonant frequency and the second 
firequency (Eq. 8). 

22. The sensor of claim 21 , fiirther comprising: 

30 detecting a temperature of the material and generating a temperature control 

signal in response to detecting the temperature; and 
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processing the temperature control signal with the digital representations of 
the first resonant frequency and the second resonant frequency in a substantially 
synchronous manner to determine the density of the material. 

23. The method of claim 12, ftirther comprising: 

detectmg a phase difference in at least one of the first and tiie second resonant 
frequencies (Eq, 10); and 

detenniniiig a mass flow rate of the mateiial based on the phase difference 
(Eq, 11). 
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